animal social behaviour event data food sharing jackdaw longitudinal network reciprocity social network analysis temporal network analysis Social dynamics are of fundamental importance in animal societies. Studies on nonhuman animal social systems often aggregate social interaction event data into a single network within a particular time frame. Analysis of the resulting network can provide a useful insight into the overall extent of interaction. However, through aggregation, information is lost about the order in which interactions occurred, and hence the sequences of actions over time. Many research hypotheses relate directly to the sequence of actions, such as the recency or rate of action, rather than to their overall volume or presence. Here, we demonstrate how the temporal structure of social interaction sequences can be quantified from disaggregated event data using the relational event model (REM). We first outline the REM, explaining why it is different from other models for longitudinal data, and how it can be used to model sequences of events unfolding in a network. We then discuss a case study on the European jackdaw, Corvus monedula, in which temporal patterns of persistence and reciprocity of action are of interest, and present and discuss the results of a REM analysis of these data. One of the strengths of a REM analysis is its ability to take into account different ways in which data are collected. Having explained how to take into account the way in which the data were collected for the jackdaw study, we briefly discuss the application of the model to other studies. We provide details of how the models may be fitted in the R statistical software environment and outline some recent extensions to the REM framework.
Social dynamics are of fundamental importance in animal societies. Studies on nonhuman animal social systems often aggregate social interaction event data into a single network within a particular time frame. Analysis of the resulting network can provide a useful insight into the overall extent of interaction. However, through aggregation, information is lost about the order in which interactions occurred, and hence the sequences of actions over time. Many research hypotheses relate directly to the sequence of actions, such as the recency or rate of action, rather than to their overall volume or presence. Here, we demonstrate how the temporal structure of social interaction sequences can be quantified from disaggregated event data using the relational event model (REM). We first outline the REM, explaining why it is different from other models for longitudinal data, and how it can be used to model sequences of events unfolding in a network. We then discuss a case study on the European jackdaw, Corvus monedula, in which temporal patterns of persistence and reciprocity of action are of interest, and present and discuss the results of a REM analysis of these data. One of the strengths of a REM analysis is its ability to take into account different ways in which data are collected. Having explained how to take into account the way in which the data were collected for the jackdaw study, we briefly discuss the application of the model to other studies. We provide details of how the models may be fitted in the R statistical software environment and outline some recent extensions to the REM framework. . Who interacts with whom and the local (for example, cliques in the network) and global (overall) network structures that these interactions produce are of central importance for key issues in ecology and evolution (Krause, Croft, & James, 2007) . There is great interest in linking observed patterns in animal social networks to such processes to understand, for example, how disease is transmitted within a population or how cooperation is maintained (Croft et al., 2008; Sih et al., 2009; Wey et al., 2008) . To date, however, researchers have tended to aggregate data on social interactions over time into a single, static, network within a particular time frame (Croft et al., 2008) , even if the observations were originally made for individual, disaggregated, events (Faust & Skvoretz, 2002; Freeman, Freeman, & Romney, 1992) . Aggregate event network data indicate which individuals interacted, and possibly how often. However, through aggregation, information is lost about the order in which such interactions occurred, and hence the sequences or patterns of actions over time. While some research questions relate to the overall number, or the presence, of interactions between individuals in a particular time frame, many questions relate directly to the sequence of actions (Blonder, Wey, Dornhaus, James, & Sih, 2012; Pinter-Wollman et al., 2013) .
The importance of considering temporal dynamics in studies of animal social networks has been highlighted by a number of recent review papers (Blonder et al., 2012; Pinter-Wollman et al., 2013) . Several empirical studies have begun to consider the temporal structure of animal social networks, particularly in the context of
